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(54) Title of Invention: METHOD FOR POWDER INJECT I ON -MOLDING 
AUSTENITE STAINLESS STEEL 

15 ABSTRACT 

The present invention relates to a method for powder 
injection-molding austenite stainless steel using high 
pressure water sprayed powder, which is capable of improving 

2 0 the density and mechanical characteristic of a sintered body. 

The inventive method comprises the steps of mixing an 
austenite stainless steel powder with a thermoplastic binder, 
forming the resulting mixture into inj ection-moldable 
pellets, injection-molding the pellets using a mold having a 

25 desired shape to obtain an injection-molded product, 
removing the binder component from the injection-molded 



-1- 



product, and sintering the binder -removed product at a high 
temperature, wherein the binder- removed product is subjected 
to a reduction process at a hydrogen atmosphere of 10 00 to 
1100 t) such that the binder -removed product has a pore 
5 volume of at least 8%, before the sintering step, and the 
binder component is removed by an extraction with a solvent 
and a pyrolysis. 

Representative Drawing: Fig. 1 

10 

SPECIFICATION 

Brief Description of the Drawings 

15 Fig. 1 is a block view showing a method for powder 

injection-molding austenite stainless steel according to an 
embodiment of the present invention, and 

Fig. 2 shows an injection-molded specimen used for the 
measurement of the properties in the present invention. 

20 

Detailed Description of the Invention 
Purpose of the Invention 
Background Art 

25 The present invention relates to a method for powder 

injection-molding austenite stainless steel, which can 
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improve the strength of austenite stainless steel, 
particularly by efficiently conducting the binder -removal 
and heat -treatment procedure. 

An injection-molding process of a metal powder 
5 generally comprises the steps of mixing a fine powder (an 
average particle size of below 20 Mm) with a polymeric 
binder (mainly, a thermoplastic binder) to obtain a mixture, 
injection-molding the mixture using a desirably shaped mold 
equipped in an injection-molding apparatus to obtain an 

10 injection-molded product, removing the binder component from 
the injection-molded product, and sintering the binder- 
removed product at a high temperature to obtain a final net- 
shape product requiring substantially no post -treatment . 

When parts made of austenite stainless steel, which is 

15 known to be difficult to process as compared with a general 
carbon steel, are produced by such a powder injection- 
molding process, there are many advantages that the 
consumption of raw powder materials is reduced, mass- 
production is possible, and a density of greater than 95% 

2 0 which is higher than 85 to 90 % of a conventional molding- 
pressing method can be achieved, thereby the mechanical 
strength including the corrosion-resistance can be improved. 
Particularly, 316L austenite stainless steel with non- 
magnetic nature has been frequently produced by the powder 

25 injection-molding process since excellent corrosion- and 
abrasion-resistances can be achieved. 
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According to Standard Specification of MPIF (metal 
powder industry federation) of USA, the sintered body of 
316L austenite stainless steel obtained by a metal powder 
injection-molding process should meet the requirements for 
5 characteristics of: a sintered density of greater than 7.6 
g/cm 3 (a relative density > 95%) , a yield strength of 140- 
175 MPa, a tensile strength of 455-525 MPa, an elongation of 
40-50 %, and a carbon content of 0.03 wt% or less. However, 
there are disadvantages that the strength of the sintered 

10 body is easily influenced by the binder removal condition, 
the sintering condition, etc., thus making the achievement 
of desired properties to be difficult. 

Further, raw powder materials for a metal powder 
injection-molding process, which are conventionally prepared 

15 by a high pressure water spraying or gas spraying method, 
have several disadvantages. 

Specifically, the powder prepared by the high pressure 
water spraying method, which uses water in forming powder 
particles from a molten metal, has disadvantages that the 

20 resulting powder particles are oxidized during the preparing 
process to contain about 0.3 to 0.4 wt% of oxygen, and have 
low filling characteristics due to their irregular shapes, 
thus resulting in poor sintered product, although they can 
be conducted at a low cost. Contrary to this, the powder 

2 5 prepared by the gas spraying method has disadvantages that a 
high production cost is required although the resulting 
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powder particles have a low oxygen content of about 0.1 to 
0.15 wt% and spherical shapes, thus enhancing the filling 
characteristics and sintering density. However, for 

instance, when a powder prepared by the gas spraying method 
5 has an average particle size of 11.4 fim and a volume filling 
rate of 69%, the powder has a bending strength of 195 MPa 
and a tensile strength of 463 MPa which meet the 
requirements of MPIF, but it exhibits a poor sintering 
relative density of 93.7 % and a low elongation of 35% which 

10 do not meet the requirements of MPIF (see G. R. White and R. 
M. German, Adv. in Powder Metall . & Particulate Materials, 
Vol. 4, 1994, pl85) . In addition, when a powder prepared by 
the high pressure water spraying method has an average 
particle size of 15.4 pirn, it has a tensile strength of 390 

15 MPa and an elongation of 22% which do not meet the 
requirements of MPIF (see P. K. Minuth, P. Kunert , D. 
Meinhardt, F. Petzoldt and G. Veltl, Advs . in Powder Metall. 
& Particulate Materials, Vol. 3-11, 1994, p65) . 



2 0 Object of the Invention 

It is, therefore, an object of the present invention 
to solve the problems of the prior arts and to develop a 
novel and economical method for powder injection-molding 
25 austenite stainless steel capable of improving the density 
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and mechanical strength of a sintered body using a high 
pressure water sprayed powder. 

Constitution of the Invention 

5 

To achieve such objects, the present invention 
provides a method for powder injection-molding austenite 
stainless steel comprises the steps of mixing an austenite 
stainless steel powder with a thermoplastic binder, forming 

10 the resulting mixture into inj ection-moldable pellets, 
injection-molding the pellets using a mold having a desired 
shape to obtain an injection-molded product, removing the 
binder component from the injection-molded product, and 
sintering the binder -removed product at a high temperature, 

15 wherein the binder -removed product is subjected to a 
reduction process at a hydrogen atmosphere of 1000 to 
1100 °C such that the binder- removed product has a pore 
volume of at least 8%, before the sintering step. In the 
inventive method, the binder component is preferably removed 

2 0 by a solvent extraction and a pyrolysis. 

The powder used in the present invention is prepared 
by a high pressure water spraying method, and preferably has 
an average particle diameter of 10 /xm or less. If the 
diameter exceeds the upper limit, a sintered density of 

25 greater than 7.6 g/cm 3 cannot be achieved even though the 
pre-sintered body having a pore volume of at least 8% is 
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reduced. 

The removal of the binder may be carried out by a two- 
step process comprising a solvent extraction followed by a 
pyrolysis using air or hydrogen gas, or conducted by a 
5 pyrolysis in a one step process. In the case of the 
pyrolysis using air, when the temperature for removal of the 
binder component is high, the oxygen content of the binder- 
removed body increases, thus increasing the amount of 
residual oxide and lowering the elongation after the 
10 reduction treatment and the final sintering with hydrogen. 

Further, the binder- removed body should be adjusted to have 
the carbon content in the range of 1 wt% or less, for 
controlling the remaining carbon content of the sintered 
body. 

15 The reduction process of the binder- removed product is 

carried out at a condition such that the pore volume of the 
binder -removed product is at least 8%, before the sintering 
step. When the pore volume is less than 8%, the pores 
become closed, making the permeation of hydrogen gas used in 

20 the reduction into the inside of the sintered body to be 
difficult. Further, even if the pore volume is at least 8%, 
it is important to control the pore volume and the reduction 
temperature simultaneously since too low reduction 
temperature makes it difficult to remove the oxides present 

25 in the austenite stainless steel powder. 

In the present invention, the reduction temperature 
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preferably ranges from 1000 to 1100 °C , and the reduction 
time preferably ranges from 1 to 4 hours. When the 
reduction time is more than 4 hours, the pores present in 
the binder -removed body change to closed pore shapes, thus 
5 providing no reduction effect. 

The austenite stainless steel powder used in the 
present invention may be made mainly of iron, nickel, and 
chromium, and among them, chromium is easily influenced by 
the process conditions. In case of chromium, when the 

10 sintering temperature is 1260 °C , the dew point in the 
sintering furnace is preferably controlled to -32 °C or 
lower in order to minimize the formation of oxides. In view 
of the fact that a chromium element present in a solid- 
dissolved form in the stainless steel has an activity 

15 coefficient of 1 or less, and a chromium oxide has an 
activity coefficient of 1, in order to effectively reduce 
the chromium oxide, the control of the dew point is also 
important . 

2 0 <Example> 

In the following, the present invention is described 
in more detail with respect to the Examples and Comparative 
Examples, which are, however, not intended to limit the 
25 scope of the present invention. 

In the drawings, Fig. 1 is a block view showing a 



-8- 



method for powder injection-molding austenite stainless 
steel according to an embodiment of the present invention. 

In Examples according to the present invention, as a 
metal powder, a 316L austenite stainless steel powder having 
5 an average particle diameter of 8 fxm and a composition shown 
in Table 1 was employed. For injection-molding, a mixture 
of the metal powder with a binder at a volume ratio of 53:47 
was mixed at 150 for 1 hour in a sigma type mixer, and 
thereto was added a mixture of 20 wt% of ethylene vinyl 
10 acetate and 80 wt% of paraffin wax, and the resulting 
mixture was cooled, pulverized, and injection-molded to 
obtain a specimen as shown in Fig. 2. 



Table 1 



Cr 


Ni 


Mo 


Si 


C 


O 


Fe 


16.3 


12 .2 


2 . 0 


0 . 86 


0.02 


0 .37 


Balance amount 



15 

Subsequently, the binder component was removed from 
the specimen by a two step process comprising a solvent 
extraction followed by pyrolysis. The solvent extraction 
was carried out by immersing the specimen in an aliphatic 
2 0 petroleum solvent such as heptane at 4 5 °C for 7 hours or 
more to remove 95 % or greater of the paraffin wax in the 
binder component, and the pyrolysis was conducted by 
mounting the binder- removed specimen on an aluminum plate 
and heat-treating it in a horizontal tubular furnace under 



an air or hydrogen atmosphere of 1 atm which is introduced 
at a flow rate of 1 L/min. 

Thereafter, the binder- removed specimen was reduced 
and sintered under an atmosphere of pure hydrogen (dew 
point: -40 °C) at a temperature of 1000 - 1350 °C , and then 
tested for density in water, residual carbon content, and 
tensile characteristics. The tensile characteristics were 
conducted using Instron 8501 at a crosshead speed of 5 
mm/min to determine the yield strength, the tensile strength, 
and the elongation. 

The preparing conditions and the test results of the 
specimen according to the Examples of the present invention 
and the Comparative Examples as controls are represented in 
Table 2 . 
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RC: Residual Carbon content 
RO: Residual Oxygen content 

As can be seen from Table 2, in case of Com. Ex. 1 
5 wherein the raw powder materials were treated at 500 °C 

under hydrogen atmosphere to remove the binder component 

therefrom, and sintered at an elevated temperature without 

conducting the reduction process, the sintered body 

exhibited a low density not meeting the Standard 
10 Specification of MPIF, and a high carbon content not 

suitable for austenite 316L. 

Further, the sintered body obtained in Com. Ex. 2 

wherein the procedure of Com. Ex. 1 was repeated except for 

conducting the binder removal process under an air 
15 atmosphere of 400 °C also did not satisfy the Standard 

Specification of MPIF in terms of the density, tensile 

strength and elongation. 

In case of Com. Ex. 3 wherein the binder -removed 

specimen having an oxygen content of 0.9 wt% or more 
2 0 although it was treated at 500 °C under air atmosphere, the 

sintered body exhibited a low elongation nevertheless it was 

reduced at 1100 °C for 1 hr. 

Further, the sintered body obtained in Com. Ex. 4 

wherein the procedure of Com. Ex. 1 was repeated except for 
25 conducting the reduction at 1200 °C exhibited a pore volume 

of less than 8%, thereby the reduction and carbon removal 

cannot be efficiently conducted, thus resulting in a poor 

density and a high carbon content. 
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The experiment of Com. Ex. 5 wherein the reduction was 
conducted at 1000 *C resulted in a sintered body having a 
poor density. In the experiment of Com. Ex. 6, the raw 
powder materials having an average particle size of 15 /zm 
5 was employed, and a sintered body having a poor density and 
elongation was obtained. 

In contrast, the sintered bodies obtained in Examples 
1 to 5 according to the present invention satisfied all the 
specifications of MPIF. 

Effect of the Invention 

As mentioned previously, the inventive method for 
powder injection-molding austenite stainless steel can 
15 improve the density and mechanical characteristic of a 
sintered body by way of conducting a reduction process of 
the binder-removed material at a hydrogen atmosphere of 1000 
to 1100 °C such that the pore volume of the binder- removed 
material is at least 8%. 

20 

While the invention has been described with respect to 
the specific embodiments, it should be recognized that 
various modifications and changes may be made by those 
skilled in the art to the invention which also fall within 
25 the scope of the invention as defined by the appended claims. 
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CLAIMS 



1. A method for powder injection-molding austenite 
stainless steel comprising the steps of: mixing an 

5 austenite stainless steel powder with a thermoplastic 

binder; forming the resulting mixture into inject ion - 
moldable pellets; injection-molding the pellets using 
a mold having a desired shape to obtain an injection- 
molded product; removing the binder component from the 

10 injection-molded product; and sintering the binder- 

removed product at a high temperature, wherein the 
binder- removed product is subjected to a reduction 
process at a hydrogen atmosphere of 10 00 to 1100 °C 
such that the binder- removed product has a pore volume 

15 of at least 8%, before the sintering step. 

2. The method of claim 1, wherein the binder component is 
removed by an extraction with a solvent and a 
pyrolysis . 

20 
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Fig. 1 



mixing austenite stainless steel powder 
with thermoplastic binder 

5 i 

forming the resulting mixture into 
injection-moldable pellets, and 
injection-molding the pellets 
using a mold having a desired shape 
10 to obtain an injection-molded product 

I 

removing the binder component 
from the injection-molded product 
I 

15 reducing the binder -removed product 

at a hydrogen atmosphere of 10 00 to 1100 °C 
such that it has a pore volume of at least 8% 

. i 

sintering the binder-removed product 
2 0 at a high temperature 



Fig. 2 




unit mm 
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